Background: risk factors for hip fracture in community-dwelling individuals have been extensively studied, but there have been fewer studies of institutionalised older people. Methods: a total of 1,894 older people (1,433 females, 461 males; mean age 86 years, SD 7.1 years) were recruited from 52 nursing homes and 30 intermediate-care nursing care facilities in Australia during March 1999 and February 2003. We assessed clinical risk factors for hip fracture and skeletal fragility by calcaneus broadband ultrasound attenuation (BUA) at baseline and then followed up for fracture for 4 years. Hip fractures were validated by x-ray reports. Survival analysis with age as a time-dependent covariate was used to analyse the data. Results: during a mean follow-up period of 2.65 years (SD 1.38), 201 hip fractures in 191 residents were recorded, giving an overall hip fracture incidence rate of 4.0% per person year (males 3.6% and females 4.1%). Residents living in intermediate-care hostels had a higher crude hip fracture rate (4.6% vs. 3.0%) than those living in high-care nursing homes. In multivariate analysis, an increased risk of hip fracture was significantly associated with older age, cognitive impairment, a history of fracture since age 50, lower body weight, longer lower leg length and poorer balance in intermediate-care hostel residents, but not with lower BUA. Conclusions: institutionalised older people, who are at a higher risk of hip fracture than community-dwelling individuals, have differences in some risk factors for hip fracture that should be considered in targeting intervention programs.
Introduction
About 20% of older people who suffer a hip fracture die in the first year and most of the survivors do not fully recover [1, 2] . In Australia, the lifetime risk of hip fracture at the age of 50 years was estimated to be 17.7% in women and 6.3% in men [3] . The incidence of hip fractures increases exponentially beyond the age of 60 years [4, 5] and in institutionalised older people, can be as high as 6.2% and 4.9% per annum for females and males, respectively [6] . Institutionalised older people have increased high levels of chronic illness, medication use, cognitive disorders and impairments of vision, strength and neuromuscular functioning. They also have a high prevalence of falls and low bone strength.
In community-dwelling people, the risk of hip fracture has been shown to be associated with low bone strength, female gender, older age and clinical factors such as a maternal family history of hip fracture, a history of previous fractures, being tall at age 25, previous hyperthyroidism, diabetes mellitus, use of psychotropic medications, greater caffeine use and postural instability [5, 7, 8] . Risk factors for hip fracture in elderly people living in aged-care facilities have been less well studied [9, 10] despite the fact that ∼40% of all hip fractures occur in this population [11, 12] .
In this study, we examined the associations of hip fracture with BUA and clinical risk factors in a large cohort of elderly men and women living in high-care nursing homes and intermediate-care hostels.
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Methods
Study design
The Fracture Risk Epidemiology in the frail Elderly (FREE) study is a prospective cohort study designed to evaluate risk factors for falls and fractures [13, 14] . All aged-care facilities in the Northern Sydney Health Services area (Sydney, Australia) were randomly assigned to blocks of 10 nursing homes and 5 intermediate-care hostels. The institutions were approached block by block. In total, 2,005 subjects from 52 nursing homes and 30 intermediate-care hostels were recruited from March 1999 to February 2003. The participation rate was 88% for institutions and 55% for individuals. For non-participants (either personally or through carer advice), some demographic details were collected before introduction of laws that restricted access to residents' information in 2002. The non-participants were similar in age and gender to the participants, but had higher care needs and hence a greater likelihood of living in a nursing home. Individuals who were bed bound, bilateral amputees, non-English speaking or under the age of 65 years were excluded. Ethics approval for the study was given by the Human Research Ethics Committee at the Northern Sydney Area Health Service. Informed consent for participation was obtained from residents or persons legally able to give consent on their behalf.
Study subjects
For this analysis, 111 subjects were excluded due to having bilateral total hip replacements at baseline (n = 44), answering yes to the question of total hip replacement but not recording whether it was one or both legs (n = 50) or not answering the question of total hip replacement (n = 17). Of the remaining 1,894 study subjects, 461 were males and 1,433 were females.
Baseline assessments
Risk factors that were assessed at baseline by interview or medical record review included age, sex, type of residence (nursing home or intermediate-care hostel), comorbidities assessed using a modification of the Implicit Illness Severity Rating Scale (IISC) [15] , cognitive function by Standardized Mini Mental State Examination (SMMSE) [16] , use of walking aids, presence of urinary incontinence, medication use, joint replacements (knee and hip), history of Parkinson's disease, stroke, history of smoking, previous fracture since age 50 and falls in the past 12 months.
Static balance was assessed using a balance test [17] simplified for this population. Subjects were classified into five grades as follows: 1 = unable to stand on a firm surface for any period of time without support from another person or use of a walking aid, 2 = unable to maintain balance on a firm surface for 30 s, 3 = capable of maintaining balance on a firm surface for 30 s but unable to maintain balance on a yielding foam rubber mat (70 cm × 60 cm × 15 cm thick) for any period of time, 4 = capable of maintaining balance on a firm surface but unable to maintain balance on the foam rubber mat for 30 s and 5 = capable of maintaining balance for 30 s each when standing on a firm surface and on the foam mat. Weight was measured in bare feet with light clothes on. Height or height loss could be an important risk factor for fractures among the study population. However, it is not possible to obtain information on height at age 20 years from residents with cognitive impairment and is also very difficult to measure height among those residents with limited standing abilities. Lower leg length was measured from floor to knee (bent at 90
• ) as an index of mature skeletal stature [18] . Serum levels of 25-hydroxyvitamin D (25(OH)D) and intact parathyroid hormone (PTH) were also measured among residents who gave consent for venesection.
Bone fragility was assessed by quantitative ultrasound (QUS). This is because it is difficult to obtain bone mineral density (BMD) using dual energy x-ray absorptiometry in such a frail elderly population even though the femoral neck BMD T-score is the best overall predictor of hip fracture risk. BUA (a QUS parameter) was measured in the calcaneus using a McCue Cuba Mark II machine. BUA was determined from the mean of replicate left heel measurements, the second obtained with repositioning. In a previous study, we reported that a BUA value of 67.4 dB/MHz corresponded to a femoral neck BMD T-score of −2.5 [19] .
Follow-up
All residents were followed up for hip fracture or death through regular liaison (every 6-12 weeks) with the residential care facilities. Hip fractures were validated by x-ray reports. Only 15 residents were lost to follow-up during the study period.
Statistical analysis
Survival analysis was chosen to analyse the data, and the Andersen and Gill model was used to account for second hip fractures. Residents contributed follow-up time until their second hip fracture (or first hip fracture if a total hip replacement was recorded at baseline), death, date of loss to followup or 4 years since baseline, whichever occurred first. Age was treated as a time-dependent variable. Follow-up time was censored at 4 years to maintain the validity of the proportional hazards assumption for all other variables, which were measured only at baseline. Martingale residuals were used to assess whether continuous covariates should be modelled as continuous or categorised.
In the model selection, a backward elimination approach was used to drop out non-significant terms with the highest P-value progressively until all terms remaining were significant (P<0.05, two-sided). Terms that were removed were added to the final model one at a time to assess their significance. P-values were obtained from the partial likelihood ratio test. Effect modification for type of residence was tested by including interaction terms with type of residence. If there was a significant interaction, a single new variable was created to reflect the fact that the effect of one variable was modified by the other. in nursing homes) and healthier (56.4% had IISC rating worse than mild symptoms vs. 86.1%) but had a higher crude hip fracture rate (4.6% vs. 3.0%) than those living in nursing homes.
Hip fracture in aged-care facilities
In univariate analysis, the risk of hip fracture was significantly associated with older age, lower weight and better static balance. The risk of hip fracture was higher in intermediatecare residents, in subjects without a total hip replacement and in those who were able to walk (Table 2 ). Significant risk factors also included a self-reported history of fracture since age 50 and the presence of comorbidities. Participants with intermediate values of BUA appeared to have higher risk of hip fracture than those with low or high values.
Multivariate analysis showed that the effect of static balance on the risk of hip fracture was modified by type of residence (P = 0.04) with a greater risk of hip fracture being associated with poorer balance in intermediate-care hostels but better balance in nursing homes. Other independent risk J. S. Chen et al. factors were cognitive impairment, a history of previous fracture since age 50, lower body weight, longer lower leg length and no previous total hip replacement ( Table 3 ). The risk of hip fracture increased with age from 85 years onwards.
Discussion
This study confirmed that residents of aged-care facilities are at a very high risk of hip fracture with an incidence rate of 4.0% per person year. Our rate is similar to that of 3.5% reported in a cohort of 1,664 institutionalised older women with a mean age of 83.8 years in Austria [10] , but much higher than the 1.1% reported in the EPIDOS study of 7,575 women aged 75 or older from the general population in France [20] . Risk factors contributing to the high incidence in this study, such as older age, lower weight, greater mature skeletal height (as reflected in the surrogate longer lower leg length), history of previous fracture and cognitive impairment, are similar to those reported in studies of community dwellers [7, [21] [22] [23] [24] . However, our study subjects had a much higher prevalence of these risk factors than those older people in the community studies.
Our study also suggests that institutionalised older people have a number of differences in risk factors for hip fracture compared with community-dwelling people. For example, in this study we found that residents with poorer balance had an increased risk of hip fracture in an intermediate-care hostel environment but decreased risk in a high-care nursing home environment. This finding could partly be explained by differences in philosophy of nursing care between the two types of institution in Australia. Nursing home residents with very poor balance are heavily dependent on nursing staff support for their mobility, while their counterparts in hostels have assistance available for daily living activities but are unsupervised for substantial periods. Many of the nursing home residents with static balance grades of Hip fracture in aged-care facilities 1 were also not able to get out of a chair independently, which would reduce their exposure to falls from a standing height. The presence of dementia in hostel residents may be associated with the lack of recognition of a high risk of falling when attempting to walk. Some hostel residents who desire to remain independent may be reluctant to seek help when needed. While encouraging residents to be independent, increasing supervision for those with poorer balance or improving balance by appropriate exercise [25] could reduce the incidence of hip fracture in intermediate-care hostels.
Additionally, low BUA has been identified as an important risk factor in community studies [8, [26] [27] [28] but was not found to be independently associated with increasing risk of hip fracture in this study. The lack of ability of BUA to discriminate the risk of hip fracture may be because fall risk plays a dominant role in determining the fracture incidence in this frail older population. In a study of the impact of a fall and the breaking point of the proximal part of the femur by Lots et al. [29] , they concluded that energy absorbed during falling and impact, rather than bone strength, may be the dominant factors in a hip fracture. In our study sample, 77% of the residents had a BUA value of <67.4 dB/MHz (data not shown). Among these residents with extremely low bone strength, a fall becomes a deciding factor for their hip fractures. The finding of our study is in keeping with the observation that the relative risk associated with a decrease in surrogate measures of skeletal fragility may decrease with advancing age. Both the Study of Osteoporotic Fractures [26] and EPIDOS study [28] have shown a declining association between BUA and hip fractures with increasing age in community-dwelling older women. In another study of 5,814 men and women aged 55 years and over in the Netherlands, De Laet et al. found that the decrease in bone mineral density associated with age contributed little to the exponential increase in the risk of hip fracture with age [30] .
In contrast to community-dwelling studies, female residents had a similar risk of hip fracture to male residents in our study. This might be due to the fact that skeletal fragility contributed less to hip fracture incidence in this frail older population, and that falls and related risk factors will be similar in men and women in this population defined by need for residential aged care.
A few studies have specifically focused on finding risk factors for hip fracture among institutionalised older people [9, 10] . Our study findings differ in some respects from those of a prospective cohort study of 28,807 residents of nursing facilities in the USA, aged >65 years. In that study, the risk of hip fracture was significantly associated with white race, female gender, older age, cognitive impairment, previous fracture, prior falls, anxiolytic use and continence of bowel or bladder but not associated with low body weight, ambulatory or transfer ability independent. However, that study did not exclude those who were bed bound, bilateral amputees or those with total hip replacement in both legs or adjust for those who had a total hip replacement and time to hip fracture as we did in our study.
Our study has several strengths and limitations. It is one of the largest prospective cohort studies ever done in institutionalised older people. The fracture cases were collected through regular liaison with the residential care facilities and hospitals in the area. We are therefore unlikely to have missed fracture cases. Also, the inclusion of nursing home and intermediatecare hostel residents allowed examination of possible modification effects of nursing care on some functional variables. On the other hand, some participants in the study may have been using hip protectors, but the number is likely to be small. In a falls prevention study we carried out in the same geographical area during 2006-07, only 3.2% of residents living in intermediate-care hostels reported wearing hip protectors. A low participation rate of 32% among those subjects who needed their carer's consent in this study might bias the estimate of hip fracture incidence rate to be lower than the true incidence rate for this frail older population.
This study provides valuable information for identifying high-risk individuals and selecting the most appropriate and effective fracture prevention strategies for this frail older population. Some prevention programs require a few extra resources such as reducing the number of medications where possible in order to reduce the risk of falls or improved nutrition for underweight individuals. These programs should be incorporated into all residents care plans. Other prevention programs such as individualised programs for falls prevention and hip protectors are expensive and may not be cost-effective if applied to all. These programs should target residents who are most likely to benefit from the programs. The results of this study would help to rationalise the provision of these programs in this very frail population.
In summary, we have identified that risk factors for hip fracture in institutionalised older people have a number of differences to risk factors for hip fracture with communitydwelling subjects. In the very frail elderly population, the most important determinant for hip fracture is factors that are associated with risk of falls. These differences may contribute to the higher risk of hip fracture among institutionalised older people. The incidence of hip fracture in this high-risk group might be reduced by applying appropriate prevention programs according to the risk factor characteristics of the residents.
Key points
• The study confirmed that residents of aged-care facilities are at a very high risk of hip fracture.
• The study found that residents with poorer balance had an increased risk of hip fracture in an intermediate-care hostel environment but a decreased risk in a high-care nursing home environment.
• The study provides valuable information for identifying high-risk individuals and selecting the most appropriate
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and effective fracture prevention strategies for this frail older population.
